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(54) SUBSTRATE-TREATING METHOD AND APPARATUS THEREFOR 

(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a substrate- 
treating method and a substrate-treating apparatus 
which obtains the same cleaning effect as in the prior 
art, without requiring the use of sulfuric acid, hydrogen 
peroxide, ammonia, oxygen plasma, etc., and without 
producing harmful vapors, mixing ferric components, 
damaging the substrate or bringing about environment 
load, etc. 

SOLUTION: The substrate-treating method is a method 
of removing organic compounds on a substrate, 
comprising a step of treating the substrate with water 
prepared by dissolving an ozone-containing gas in 
ultrapure water, and a step of treating the substrate with 
water prepared by dissolving a hydrogen- containing gas 
in ultrapure water, and continuously executing these 
steps; or a method of removing organic compounds on 
the substrate, comprising a step of treating the 
substrate with water prepared by dissolving an ozone- 
containing gas and hydrogen-containing water in 
ultrapure water or mixing the ozone- containing water with hydrogen-containing water, or a 
step of treating the substrate with the ozone-containing water and the hydrogen-containing 
water at the same time. The treating apparatus executes the treating method. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The substrate art which is the removal approach of the organic substance which exists 
on a substrate, and is characterized by to perform these processes continuously including the 
process which processes a substrate with the water (henceforth ozone water) which dissolved 
the gas containing ozone in ultrapure water, and the process which processes a substrate with 
the water (henceforth hydrogen water) which dissolved the gas containing hydrogen in ultrapure 
water. 

[Claim 2] The substrate art characterized by to include the process which processes a substrate 
with the water which is the removal approach of the organic substance which exists on a 
substrate, and dissolved the gas containing ozone, and the gas containing hydrogen in ultrapure 
water, or the water (henceforth mixed water) which mixed ozone water and hydrogen water, or 
processes a substrate to coincidence with ozone water and hydrogen water. 
[Claim 3] The substrate art according to claim 1 or 2 which is the substrate with which a 
processed substrate consists of a crystal of a glass substrate, silicon, or metallic compounds. 
[Claim 4] The substrate art according to claim 1 or 2 whose processed substrate is a substrate 
polluted with the organic substance with which the organic substance or ion was poured in. 
[Claim 5] The substrate art according to claim 1 or 2 which is the substrate polluted with the 
organic substance to which the processed substrate adhered in the semiconductor device 
production process. 

[Claim 6] The substrate art according to claim 1 or 2 whose ozone level of ozone water is 10 
ppm or more. 

[Claim 7] The substrate art according to claim 1 or 2 whose hydrogen concentration of hydrogen 
water is 0.5 ppm or more. 

[Claim 8] The substrate art according to claim 1 or 2 whose grant rate to the processed 
substrate of ozone water or mixed water is 1 or more ml/min per two a substrate area of 1cm. 
[Claim 9] The substrate art according to claim 1 or 2 which is activated by sonication and gives 
hydrogen water or mixed water to a processed substrate. 

[Claim 10] The substrate art according to claim 1 or 2 which processes while carrying out level 
rotation of the processed substrate. 

[Claim 1 1] The substrate art according to claim 10 whose rotational frequency of a processed 
substrate is 500 or more rpm. 

[Claim 12] The substrate art according to claim 1 or 2 which processes within the same 
processor. 

[Claim 13] The substrate art according to claim 1 or 2 which warms and processes a processed 
substrate at 30 degrees C or more. 

[Claim 14] The substrate art according to claim 13 which introduces heating ultrapure water or 
heating nitrogen, and performs warming. 

[Claim 15] before the process of either of the processes which processes a substrate with 
ozone water, hydrogen water, or mixed water — a oxidizing gas — using — the organic 
substance — ashing — the substrate art according to claim 1 or 2 to process. 
[Claim 16] The substrate art according to claim 1 or 2 which washes a substrate by the organic 



solvent before the process o^ither of the processes which processes a substrate with ozone 
water, hydrogen water, or mixed water. 

[Claim 17] The substrate art according to claim 1 or 2 which processes a substrate with the 
water containing hydrogen fluoride after the process of either of the processes which processes 
a substrate with ozone water, hydrogen water, or mixed water. 

[Claim 1 8] The processor of the substrate characterized by the cylindrical thing for which it is 

prepared in a processing tub, the substrate supporter which carries out level rotation into this 

processing tub, and the upper part of a processing tub, and has the nozzle which supplies a liquid 

caudad, the conduit which supplies a liquid to this nozzle, and the chamber which closes the 

whole, and the above-mentioned nozzle has the die length more than the diameter of a 

substrate, and width of face narrower than the diameter of a substrate. 

[Claim 19] The processor according to claim 18 which has a sonicator in a nozzle. 

[Claim 20] The processor according to claim 19 with which a nozzle has the passage of ozone 

water, the passage of hydrogen water, or the passage of mixed water, and such passage is 

covered to the supersonic wave. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the substrate art and substrate processor which 
carry out washing removal of other foreign matters during foreign matters, such as the organic 
substance which remains on a substrate, or structure formation, or adhering to the back, after 
forming the structure (pattern) of a circuit etc. on various substrates, such as a wafer for 
semiconductor device formation, a glass substrate, and a ceramic substrate. 
[0002] 

[Description of the Prior Art] When forming the structure of a detailed electric component, a 
circuit, etc. on a substrate, said structure is formed by applying, exposing and developing the 
organic substance, such as a photoresist (henceforth a resist), forming the resist pattern of 
arbitration on a substrate, and processing a substrate front face for etching etc. After 
performing this processing, the unnecessary resist on a substrate is removed. 
[0003] It is necessary to carry out washing removal of the detailed piece of the resist which 
remained on the substrate, and other foreign matters during structure formation or adhering to 
h the back from a substrate after removal of the above-mentioned resist. This washing approach is 
conventionally divided into the wet approach and the dry type approach by the class, conditions, 
or component formation process of a resist. 

[0004] In many cases, by the above-mentioned wet approach, the drug solution which has the 
oxidizing power which uses a sulfuric acid, hydrogen peroxide solution, etc. as a main component 
is used (SPM processing). On the other hand, by said dry type approach, by making oxygen into 
main process gas, oxidative degradation (ashing) of the organic substance on a substrate etc. 
was carried out, and it is removed. Moreover, washing processing which combined suitably the 
drug solution processing (APM processing) which uses the ashing processing, SPM processing 
and ammonia using the oxygen plasma, a hydrogen peroxide, etc. as a main component depending 
on the contamination situation of a substrate is performed. 
[0005] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional approach, in 
processing by the wet approach Since drugs, such as a sulfuric acid, a hydrogen peroxide, and 
ammonia, are used, by generating of the sulfuric~acid steam which has bad influences, such as 
corrosion, on a substrate, and mixing of the iron by ammonia In order for a defect to arise in the 
formed structure and to avoid these, a lot of wash water is needed after these processings, and 
the technical problem that the environmental load by wastewater is large occurs. Moreover, 
when the oxygen plasma is used in the dry type approach, this plasma is in a high energy 
condition, and has the technical problem that a serious damage may be given to the structure 
chemically formed in the sensitive substrate and this substrate. 

[0006] Therefore, the purpose of this invention is offering the art and processor of a substrate 
with which the same cleaning effect as the conventional technique is acquired, without producing 
generating of a harmful steam, mixing of iron, damage on a substrate, an environmental load, etc., 
without making indispensable use of a sulfuric acid, a hydrogen peroxide, ammonia, the oxygen 
plasma, etc. 



[0007] 

[Means for Solving the Problem] The above-mentioned purpose is attained by the following this 
inventions. Namely, the process which processes a substrate with the water (henceforth ozone 
water) which dissolved the gas which this invention is the removal approach of the organic 
substance which exists on a substrate, and contained ozone in ultrapure water, The process 
which processes a substrate with the water (henceforth hydrogen water) which dissolved the gas 
containing hydrogen in ultrapure water is included. The substrate art characterized by performing 
these processes continuously; It is the removal approach of the organic substance which exists 
on a substrate. The water which dissolved the gas containing ozone, and the gas containing 
hydrogen in ultrapure water, Or the processor which enforces substrate art; characterized by 
including the process which processes a substrate with the water (both are summarized below 
and it is called mixed water) which mixed ozone water and hydrogen water, or processes a 
substrate to coincidence with ozone water and hydrogen water, and these approaches is offered. 

[0008] 

[Embodiment of the Invention] Next, the gestalt of desirable operation is mentioned and this 
invention is further explained to a detail. Although various substrates, such as a substrate which 
consists of a crystal of a glass substrate, silicon, or metallic compounds, are mentioned and it is 
not limited especially, various patterns are formed on a substrate using the organic substance, 
such as a resist, and the substrate which passed through the resist removal process is set in the 
substrate processed by the approach of this invention as the main object of this invention. 
[0009] That is, although various patterns are formed on a substrate of pattern exposure, 
development, baking, etching, resist exfoliation, etc. using a resist, in resist exfoliation, the piece 
of a detailed resist which a resist is not completely removed from a substrate, and the detailed 
piece of a resist remained on the substrate, or once exfoliated carries out the reattachment to a 
substrate, and various kinds of detailed foreign matters have adhered to the substrate in the 
above-mentioned process in many cases. Especially this invention is useful to washing of such a 
substrate. 

[0010] Moreover, although the oxygen plasma of said dry type approach etc. is used for removal 
of a ** resist (piece of a resist which remained after resist exfoliation) when a lot of ion is 
poured into a resist (for example, when or more 1cm1015 ion per two is poured in) When the 
injection rate of ion is about 1013 pieces, removal of a ** resist is fully possible also by the 
approach of this invention, therefore especially the approach of this invention has the useful 
injection rate of ion to removal of 1013 or less ** resists in semiconductor device production 
processes, such as LSI. 

[0011] The ozone water used in this invention dissolves the gas containing ozone in ultrapure 
water, and the ozone level of ozone water needs to be 10 ppm or more, and is 50-100 ppm in 
concentration preferably. The oxidative degradation of the organic substance, such as a piece of 
a resist from which the ozone level has adhered to the substrate in less than 10 ppm, is 
inadequate. Moreover, an ozone level is so desirable that it is high, and may exceed 100 ppm. 
Such ozone water is easily obtained, when the gas containing the ozone generated from the 
well-known ozone generator is contacted by ultrapure water. The above-mentioned ozone water 
may contain a carbon dioxide, an ammonium carbonate, an acetic acid, or formic acid, in order to 
maintain the concentration of ozone other than ozone. 

[0012] One or more ml/min per two of grant rates to the processed substrate of the above- 
mentioned ozone water is 1 - 10 ml/min preferably a substrate area of 1cm. The oxidative 
degradation of the organic substance, such as a piece of a resist which there is a possibility that 
ozone water may not spread [ a grant rate ] on the surface of [ whole ] a substrate by less than 
1 ml/min, and has adhered to the substrate, is inadequate. If it is 1 or more ml/min, liquid 
membrane will be formed all over a processed substrate, and the organic substance will fully be 
disassembled. Moreover, even if a grant rate exceeds 10 ml/min, there are no profits special only 
by cost going up. 

[0013] By giving ozone water to a processed substrate as mentioned above, oxidative 
degradation of the organic substance, such as a piece of a detailed resist adhering to a 



substrate, is carried out, and washing removal of the organic substance which oxidized by 
processing by the hydrogen water performed succeedingly comes to be carried out promptly. 
Moreover, when there is much organic substance, such as a piece of a resist, or when there are 
many ion injection rates to a resist, processing by the above-mentioned ozone water may be 
performed continuously twice or more. 

[0014] Moreover, on the occasion of processing by ozone water, a substrate or a processing 
ambient atmosphere can be warmed and oxidation treatment by ozone water can be promoted, 
warming — although 30 degrees C or more of temperature are 60 degrees C or more preferably 
and such warming may be performed by which approach, it can carry out by introducing heating 
ultrapure water and heating nitrogen gas into a processor, for example. 

[0015] The hydrogen water used by this invention contacts the gas containing the hydrogen 
generated with the well-known hydrogen generator to ultrapure water by the well-known 
approach, and is obtained. 0.5 ppm or more of hydrogen concentration of hydrogen water are 
1.0-1.6 ppm preferably. Since tailing with hydrogen concentration sufficient by less than 0.5 ppm 
cannot be desired, it is inadequate. On the other hand, if hydrogen concentration exceeds 1.6 
ppm, since it ****s [ hydrogen gas ] and is dangerous with the bottom of atmospheric pressure, 
and there is generating of air bubbles and the remarkable decline in washing effectiveness is 
caused, it is not desirable. 

[0016] One or more ml/min per two of grant rates to the processed substrate of the above- 
mentioned hydrogen water is 1 - 10 ml/min preferably a substrate area of 1cm. The cleaning 
effect of the ozonate object of the organic substance which there is a possibility that hydrogen 
water may not spread [ a grant rate ] on the surface of [ whole ] a substrate by less than 1 
ml/min, and has adhered to the substrate, and other foreign matters is inadequate. If it is 1 or 
more ml/min, the liquid membrane of hydrogen water will be formed all over a processed 
substrate, and the above-mentioned ozonate object and other foreign matters will fully be 
washed. Moreover, even if a grant rate exceeds 10 ml/min, there are no profits special only by 
cost going up. 

[0017] According to extent of contamination of a substrate, all may repeat the processing by the 
above-mentioned ozone water, and the processing by hydrogen water two or more times. 
Moreover, although it is desirable to perform processing by ozone water previously and to 
perform processing by hydrogen water after that as for the sequence [ water / ozone water 
and / hydrogen ] of processing, the reverse is sufficient as it Furthermore, processing by ozone 
water and processing by hydrogen water may be performed by turns. 

[0018] Furthermore by this invention, processing by ozone water and processing by hydrogen 
water may be performed to coincidence. Moreover, you may process by the processing liquid (B) 
dissolved in ultrapure water, and the gas which may process a substrate with the mixed liquor 
(A) which mixed said ozone water and hydrogen water by the suitable ratio, and contains ozone, 
and the gas containing hydrogen (being called [ Following A and B is summarized and ] mixed 
water). Furthermore, processing by ozone water or hydrogen water may be added before and 
after processing by mixed water. Heating of a substrate etc. is the same as that of the above in 
the ozone level of the ozone water which is used in any case, hydrogen water, or mixed water, 
hydrogen concentration, or the grant rate list to the substrate of these liquid, and is good for it. 
[0019] Washing removal of oxides and other foreign matters, such as a piece of a detailed resist 
r adhering to a substrate, is promptly carried out by processing a substrate with ozone water, 
hydrogen water, or mixed water as mentioned above. The cleaning effect of a substrate is further 
promoted by irradiating a supersonic wave at hydrogen water or mixed water, and activating 
hydrogen on the occasion of the processing especially by hydrogen water, or processing by 
mixed water. Although the usual approach may be used for sonication and it is not limited 
especially, 0.5MHz or more of frequencies of a supersonic wave is 1MHz or more preferably. In 
addition, a supersonic wave may be irradiated also at said ozone water. 

[0020] As for processing of the substrate by the above ozone water, hydrogen water, or mixed 
water, it is desirable to carry out carrying out level rotation of the processed substrate, and 500 
or more rpm of rotational frequencies of a processed substrate is 1000 - 3000rpm preferably. 
The rotational frequency of a substrate is at less than 500 rpm. It is inadequate in respect of 



spinout of the foreign matter which the processing liquid on the substrate by the centrifugal 
force permuted and removed etc., and is not desirable in respect of on the other hand it 
becoming difficult for a substrate to carry out spin-dry and to form liquid membrane required for 
a substrate side, if a rotational frequency exceeds 3000rpm etc. 

[0021] Also in order to avoid mixing of that ozone is toxic gas, the dust from the outside, etc., as 
for processing of the substrate by the above ozone water, hydrogen water, or mixed water, it is 
desirable for the whole to be sealed and to carry out within the external world and the 
intercepted ambient atmosphere. In addition, after processing termination, the ozone which 
remains in the processing field can be easily defanged by the pyrolysis or UV irradiation. 
[0022] In this invention, although it is not indispensable, the need is accepted. Moreover, ozone 
water, Before the process of either of the processes which processes a substrate with hydrogen 
water or mixed water the organic substance which has adhered to the substrate using oxidizing 
gases, such as ozone gas and oxygen gas, — ashing — it processing or The effectiveness of this 
invention can be further heightened by an organic solvent's washing a substrate before the 
above-mentioned process, or processing a substrate with the water containing hydrogen fluoride 
after the above-mentioned process. 

[0023] Next, the processor of this invention is explained. The processor for enforcing said 
approach of this invention The substrate supporter 2 which carries out level rotation into the 
processing tub 1 and this processing tub as shown in drawing 1 , It is characterized by the 
cylindrical thing for which it is prepared in the upper part of a processing tub, and has the nozzle 
3 which carries out the regurgitation of the liquid caudad, the conduit 4 which supplies a liquid to 
this nozzle, and the chamber 5 which closes the whole, and the above-mentioned nozzle 3 has 
the die length more than the diameter of a substrate 9, and width of face narrower than the 
diameter of a substrate. In addition, it has the drain 8 which discharges the conduit 7 which 
supplies alkali solutions, such as acids, such as the motor 6 made to rotate said substrate 
supporter 2, other required drugs, for example, ultrapure water, a hydrochloric acid, a sulfuric 
acid, and hydrogen fluoride, and ammonia, carbon dioxide gas, nitrogen gas, a carboxylic-acid 
system compound, etc., and the liquid collected on the processing layer 1. 

[0024] In the equipment shown in drawing 1 , on the substrate supporter 2 , one sheet or two or 
more substrates 9 be laid , by chuck methods , such as a suitable means , for example , a 
vacuum type , a side face support type , etc. , like said explanation , after pretreating a substrate 
if needed , ozone water , hydrogen water , or mixed water be supplied at a series of processes 
on the substrate which be carrying out level rotation , and a substrate be washed . After a 
substrate is washed, the rinse of the substrate is carried out with ultrapure water if needed, the 
rotational frequency of the substrate supporter 2 is raised, desiccation removal of the liquid 
which has adhered to the substrate by the so-called spin-dry method is carried out, and the 
washed substrate is obtained. 

[0025] moreover, the water solution (mixed water) which dissolved the gas which mixes said 
ozone water and hydrogen water by the predetermined ratio, or contains ozone in processing a 
substrate with mixed water, and the gas containing hydrogen in ultrapure water by predetermined 
concentration — preparing — one path of the illustration — this mixed water — a nozzle 3 
supply — and what is necessary is just to make it breathe out Moreover, what is necessary is to 
control the amount of supply of ozone water and hydrogen water in predetermined proportion, 
and just to make a nozzle 3 breathe out to coincidence to delivery and a substrate 9, when 
processing a substrate to coincidence with ozone water and hydrogen water. 
[0026] In the equipment of above-mentioned this invention, it has the description especially in 
the configuration of a nozzle. One of them is shown in drawing 2 . Drawin g 2 is the perspective 
view, side elevation, and front view of a nozzle, and it is made almost identically [ the die length 
of this nozzle ] to the diameter of a substrate, or longer, and width of face is narrowed and 
consists rod-like of a diameter of a substrate. The eel 22 to which the eel 21, hydrogen water, or 
mixed water with which ozone water or mixed water is supplied in the example of illustration is 
supplied divides this nozzle, and it is formed of 23, and while the conduit 24 which supplies each 
liquid is formed in each eel, respectively, the delivery 25 which carries out the regurgitation of 
the liquid is established in the lower part, respectively. Thus, the uniform regurgitation of ozone 



water, hydrogen water, or mixed water becomes possible by dividing the passage of ozone water, 
hydrogen water, or mixed water into many eels, and supplying ozone water, hydrogen water, or 
mixed water to each eel, and making it breathe out from each delivery. 

[0027] The quartz rod 26 which is the ultrasonic generator which has penetrated the eel in the 
die-length direction is formed in each eel 22 which carries out the regurgitation of each eel 21 
which carries out the regurgitation of ozone water or the mixed water and hydrogen water, or the 
mixed water, and a supersonic wave is irradiated by ozone water, hydrogen water, or mixed 
water, respectively. Since it is desirable to ultrasonicate hydrogen water or mixed water and the 
ultrasonic irradiation of ozone water is not indispensable, it is not necessary to form the quartz 
rod 26 in the eel of ozone water. Amplifier is connected with the above-mentioned quartz rod 26, 
the quartz rod 26 is vibrated, and a supersonic wave is generated. 

[0028] It is desirable that ultrasonicate only hydrogen water or mixed water, have ozone water 
when not ultrasonicating, and the shock absorber 27 which is an ultrasonic shield is formed 
between the eels 22 of the eel 21 of ozone water, hydrogen water, or mixed water. Since the 
substrate itself is carrying out high-speed rotation by [ like **** ] supplying ozone water, 
hydrogen water, or mixed water to a substrate front face using the nozzle of a configuration, the 
above-mentioned ozone water, hydrogen water, or mixed water is sprinkled by homogeneity on a 
substrate front face, and washing processing of the substrate is carried out at homogeneity. 
[0029] 

[Example] Next, an example and the example of a comparison are given and this invention is 
explained still more concretely. The following examples and examples of a comparison are one 
example to the last, and do not limit this invention at all. Moreover, suitable processing 
conditions should change with the changes in the amount of the contamination adhering to a 
substrate, and he should only understand that it is not the purpose of this invention to remove a 
** resist. In the approach of this invention, he should understand what effectiveness can be 
desired for about removal of the substrate polluted with the organic substance, and the foreign 
matter resulting from the organic substance at large according to the following example. 
Moreover, as for the substrate after being processed by the approach of this invention, 
according to this invention, it is also suggested that the property of the structure (pattern) 
w here it is formed there since the cleanliness of the front face is high improves. In addition, in 
the following, SPM (processing) means processing by the mixture of a sulfuric acid (96 % of the 
weight of concentration), and hydrogen peroxide solution (30 % of the weight of concentration), 
APM (processing) means processing by the mixture of aqueous ammonia (28 % of the weight of 
concentration), and hydrogen peroxide solution (30 % of the weight of concentration), and these 
processing liquid is suitably diluted and used with ultrapure water. 
[0030] The example 1 (preparation of a sample) of reference 

a 8 inch CZSi wafer (henceforth a substrate) — a wet dipping former washing station — APM 
processing (hydrogen peroxide solution: ammonia : ultrapure water = 1:1:8) — it ultrasonicated 70 
degrees C. BEKU [ I line sensitization resist was applied to this substrate in the single-wafer- 
processing spin coater after drying the processed substrate, I line performed complete exposure, 
and the resist was exposed, and ]. Then, the ion implantation of BF2 or the As was carried out. 
BFs2 amount of dopes made Sample A the thing of 5.0E13 atoms/cm2 (acceleration voltage: 
1 5keV), and the amount of dopes of As made Sample B the thing of 8.0E1 3 atoms/ cm2 
(acceleration voltage: 30keV), and made Sample C what nothing dopes. The preparation 
conditions of a sample are shown in the following table 1. Each of each samples measured resist 
thickness with optical interference pattern thickness measurement equipment. 
[0031] 
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[0032] Example 1 (processing of a sample) 

The resist by ozone water was exfoliated about each sample, and the approach (sequence 
processings 1-3) of this invention of using ozone water, hydrogen water, or mixed water was 
used for washing after exfoliation. Processing bundled up processing to exfoliation of a resist, 
washing, and subsequent desiccation continuously using the equipment shown in drawing 1 , and 
was performed within the same same equipment and processing chamber. The combination of 
sequence processing of each sample is shown in the following table 2. In addition, the reference 
processing 1 is an example of a comparison. 
[0033] 
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[0034] Sequence Processing 1: Resist exfoliation processing by ozone water: The ozone water 
which processes each sample was breathed out from the nozzle shown in drawing 2 . The 
processing conditions in this processing step are shown in the following table 3. Moreover, the 
resist thickness before and behind processing is also shown. The discharge quantity of the ozone 
water at this time is 10 ml/min per two a substrate area of 1cm. Ozone water was further 
breathed out for the ultrapure water heated by 50 degrees C at the quartz heater from the 
delivery other than the delivery of ozone water discharge and from it by the same discharge 
quantity as the above to the substrate. 
[0035] 
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[0036] Oxidization decomposition processing by the ozone water after resist exfoliation: 
Observation under the microscope of the laser light source was performed about the substrate 
after resist exfoliation. Although the residual of the resist film was not checked in a substrate 
front face, some piece of a resist and comparatively big foreign matter remained. These foreign 
matters are foreign matters which use the oxide of carbon or silicon as a main component. The 
foreign matter which remains to the substrate immediately after resist exfoliation was carrying 
out the particle size distribution which have a peak in about 3 micrometers. Therefore, since 
oxidative degradation of these foreign matters was easily carried out with ozone water with 
oxidizing power, oxidative degradation processing of the foreign matter by ozone water was 
performed. Oxidative degradation processing was performed by breathing out ozone water from 
the nozzle shown in dr awing 2 . The laser-light-scattering mold foreign matter counter 
performed foreign matter measurement before and behind processing. The processing conditions 
and result of each sample at this time are shown in the following table 4. Ozone water was 
breathed out by 10 ml/min per two a substrate area of 1cm from the nozzle. 
[0037] 
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[0038] Washing processing by the hydrogen water after the oxidative-degradation processing by 
ozone water: Hydrogen water was breathed out from the nozzle which has the ultrasonic radiator 
shown in dra win g 2 , and processed each sample. The frequency of the supersonic wave at this 
time is 1.5 MHz. The laser-light-scattering mold foreign matter counter performed foreign matter 
measurement before and behind processing. In the review under the microscope before 
processing, the piece of a resist was hardly checked but it was only that a minute foreign matter 
remains. Moreover, the particle size distribution of a foreign matter were shifted to about 1 
micrometer from 3 micrometers, and it was shown that oxidative degradation of the 
comparatively big foreign matter which remained after resist exfoliation was carried out. The 
ORP value of hydrogen water is [ about ]. -It is 550mV, and a foreign matter is removed by 
electrostatic repulsion in order that the surface potential on a particle and a substrate may 



charge to negative [ same ]. Moreover, also physically a foreign matter is removed by the 
effectiveness of the cavitation by the supersonic wave, and radicals, such as hydrogen and 
HIDOROKISHI, occur. Spin-dry of 3000rpm was performed in the nitrogen air current after this 
processing step. Each sample after processing was washed good. 
[0039] 
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[0040] Resist exfoliation processing by sequence processing 2SPM processing: The common 
drug solution bus washing station performed SPM processing which processes a sample. The 
processing conditions in this processing step are shown in the following table 6. Moreover, the 
resist thickness before and behind processing is also shown. 
SB : SPM hmmikfc t^Ofel 
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[0041] Observation according the substrate after resist exfoliation to the microscope of the 
laser light source was performed. The residual of the resist film was not checked in a substrate 
front face. The foreign matter which remains to the substrate immediately after resist exfoliation 
was carrying out the particle size distribution which have a peak in about 1 micrometer. It went 
into the oxidative degradation step by the following ozone water. 

[0042] Oxidization decomposition processing by the ozone water after resist exfoliation: 
Observation according the substrate after resist exfoliation to the microscope of the laser light 
source was performed. Although the residual of the resist film was not checked in a substrate 
front face, some piece of a resist and comparatively big foreign matter remained. These foreign 
matters are foreign matters which use the oxide of carbon or silicon as a main component. The 
foreign matter which remains to the substrate immediately after resist exfoliation was carrying 
out the particle size distribution which have a peak in about 0.5 micrometers. Therefore, since 
oxidative degradation of these foreign matters was easily carried out with ozone water with 
oxidizing power, oxidative degradation processing by ozone water was performed. It processed by 
breathing out ozone water from the nozzle shown in drawing 2 . The laserHight-scattering mold 
foreign matter counter performed foreign matter measurement before and behind processing. 
The processing conditions and result of each sample at this time are shown in Table 7. Ozone 
water was breathed out by 10 ml/min per two a substrate area of 1cm from the nozzle. 
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[0044] Washing processing by the hydrogen water after the oxidative-degradation processing by 
ozone water: Discharge and each sample were processed from the nozzle which has the 
ultrasonic radiator which shows hydrogen water to drawing 2 . The frequency of the supersonic 
wave at this time is 1.5MHz. The processing conditions and result of each sample are shown in 
the following table 8. The laser-light-scattering mold foreign matter counter performed foreign 
matter measurement before and behind processing. It was only that a minute foreign matter 
remains in the review under the microscope before processing. Spin-dry of 3000rpm was 
performed in the nitrogen air current after this processing step. Each sample after processing is 
washed good, giving the result which does not have this example inferiority as compared with 
processing conventionally was shown, and it was suggested that the conventional processing can 
be substituted. 
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[0046] Resist exfoliation processing by sequence processing 3SPM processing: The common 
drug solution bus washing station performed SPM processing which processes a sample. The 
processing conditions in this processing step are shown in the following table 9. Moreover, the 
resist thickness before and behind processing is also shown. 
[0047] 



: SPM KJc&Uv?* hffl 



Sample 


A 


B 


c 




SPM 


SPM 


SPM 




4:1 


4 : 1 


4 : 1 




10 ft 


13 # 


13# 




loot: 


125 


125 °C 




7000 A 


7000 A 


7000 A 











[0048] Observation under the microscope of the laser light source was performed about the 
substrate after resist exfoliation. Although most big foreign matters were not checked in a 
substrate front face, there was very much adhesion of a foreign matter depending on a sample. 
This is considered to be a phenomenon resulting from degradation of SPM. After this exfoliation 
processing, the processing substrate was immersed for 5 minutes into ultrapure water, rinse 
removal of the SPM was carried out, and desiccation by spin-dry was performed. 
[0049] Washing processing by the hydrogen water (mixed water) which added the ozone water 
after resist exfoliation: The substrate was processed after the above-mentioned SPM processing 
using the mixed water which added ozone water in hydrogen water (1.5 ppm). The concentration 
of the ozone water added at this time is 60 ppm. The ozone level at this time should have been 
chosen with the degree of contamination of the foreign matter which should be removed, the 
contamination combined the organic substance with it being mainly by this example, and the 
concentration like the above is set up according to the degree of contamination being high. In 
processing of a substrate, the mixed water of 3 ml/min was breathed out per two a substrate 
area of 1cm, and washing processing of discharge and each sample was carried out at it from the 
nozzle which has the ultrasonic radiator shown in drawin g 2 . The frequency of the supersonic 
wave at this time is 1.5MHz. The processing conditions and result of each sample are shown in 
the following table 10. The laser-light-scattering mold foreign matter counter performed foreign 
matter measurement before and behind processing. In the review under the microscope before 
processing, the piece of a resist was hardly checked but it was only that a minute foreign matter 
remains. Moreover, the particle size distribution of a foreign matter are shifted to about 1 
micrometer from 3 micrometers, and it is shown that oxidative degradation of the comparatively 
big foreign matter which remained after resist exfoliation was carried out. A hydrogen water 
independent ORP value is [ about ]. -It is 550mV, and an oxide is removed by electrostatic 
repulsion in order that the surface potential on a particle and a substrate may charge to negative 
[ same ]. Moreover, also physically a foreign matter is removed by the effectiveness of the 
cavitation by the supersonic wave, and radicals, such as hydrogen and HIDOROKISHI, occur. 
Spin-dry of 3000rpm was performed in the nitrogen air current after this processing step. Each 
sample after processing was washed good. 
[0050] 
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[0051] Considering the above result, it was shown especially that processing by ozone water, 
hydrogen water, or mixed water is effective in removal of the foreign matter after resist 
exfoliation. In addition, only in the removal of these foreign matters without removal of a lot of 
organic substance like a resist, although sheet equipment is performing this example, even if it 
processes a dipping former using hydrogen water, ozone water, or mixed water, the almost same 
effectiveness is acquired. Therefore, this invention is useful irrespective of the mode of 
equipment in the viewpoint of removal of a foreign matter. 
[0052] The example 1 (reference processing 1) of a comparison 

Resist exfoliation processing by SPM: The conditions of the resist exfoliation processing by SPM 
are shown in the following table 11. Moreover, the resist thickness before and behind processing 
is shown. Drug solution dipping former equipment performed processing. All resists exfoliated. 
[0053] 
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[0054] Although most big foreign matters were not checked when the review under a microscope 
was performed, there was very much adhesion of a foreign matter by the sample. This is 
considered to be a phenomenon resulting from degradation of SPM. After having immersed the 
processing substrate for 5 minutes into ultrapure water, carrying out rinse removal of the SPM 
after this washing processing and performing desiccation by spin-dry, washing processing by 
APM was performed. 

[0055] Washing processing by APM after the resist exfoliation processing by SPM: It processed 
by immersing each sample in the drug solution dipping former washing station which has vibrator 
in the lower part of a flush tank. The frequency of the supersonic wave at this time is 1.5MHz. 
The laserHight-scattering mold foreign matter counter performed foreign matter measurement 
before and behind processing. Processing conditions and a result are shown in the following table 




12. Most remaining foreign matters were removed. 
[0056] 

a 12 : APM K J: «**0»**#<t * ©MI 





A 


B 


c 




APM 


APM 


APM 




1:1:8 


1:1:8 


1:1:8 




5# 


5# 


5# 






65 


65 °C 




4540 
> 0.2 jum 


51 -fa 

>0.2 jum 


55*1 
> 0.2 (in 




8^a 

>0.2 urn 


>0.2 «m 


>0.2 #m 



[0057] It was proved that it is the certification of saying [ that the processing sequence of this 
invention can be conventionally equal to an alternative of processing ] with the conventional 
processing of the above-mentioned example of a comparison to have given the result which is 
not inferiority, and said example solves the above-mentioned technical problem, and this 
invention's is especially useful. 
[0058] 

[Effect of the Invention] In the process which removes the unnecessary resist after forming 
semiconductor device structure, since only ozone water, hydrogen water, or mixed water is being 
used for the approach of this invention, it is a low cost method of an environmental load being 
small and not giving a damage to component structure. Since the approach of this invention 
keeps the electrical property fall of the component by corrosion to the minimum and can expect 
improvement in the product yield, it enables reduction of the running cost of semiconductor 
fabrication machines and equipment, and improvement in safety. Thus, a series of processings in 
the washing process after the resist exfoliation using ozone water, hydrogen water, or mixed 
water can be adapted also for many problems in future manufactures, such as energy saving, 
with reduction of an environmental load, and facilitation of a component formation process. 
[0059] Foreign matters, such as a ** resist which exists on a substrate, were removed until now 
using a sulfuric acid, ammonia, the hydrogen peroxide, or the organic solvent. Since these drug 
solutions are not used for the approach of this invention and it does not corrode the structure 
or the wiring material of a semiconductor device remarkably, the damage of component structure 
is mitigated, for example, it improves the dependability of the component engine performance, 
and it leads to the process for preventing corrosion, or the cost reduction of the ingredient used 
for processing, and mitigation of the corrosion to a wiring material leads to the fall of the electric 
resistance of a component, reduction of power consumption, and improvement in the speed of 
the component engine performance. 

[0060] Moreover, although processing which activates and uses conventional hydrogen water is 
enabled by removing a minute foreign matter The approach of this invention combining 
processing by hydrogen water with processing by the above-mentioned ozone water, or by using 
mixed water For example, without using the conventional drug solution of high grades, such as a 
sulfuric acid, from exfoliation of resists, such as a resist Meaning is in it being possible to carry 
out by putting the process to subsequent washing in block, and the processing will not become 
possible without by using the approach and equipment of this invention which made it possible. 
[0061] According to this invention, it becomes possible to be carried out by the process of resist 
exfoliation and washing bundling up in this way, and carrying of the substrate for every down 
stream processing is unnecessary, and merits, such as reduction of contact opportunities with a 
risk drug solution and reduction of contamination contact opportunities, arise. Moreover, this 
merit is the reason of this batch processing being able to contribute to cost reduction etc. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The schematic diagram of the processor of this invention. 

[Drawing 2] Drawing explaining the structure of a nozzle. 

[Description of Notations] 

1: Processing tub 

2: Substrate supporter 

3: Nozzle 

4: Conduit 

5: Chamber 

6: Motor 

7: Conduit 

8: Drain 

9: Substrate 

,21 22: Cel 

23: Partition 

24: Conduit 

25: Delivery 

26: Quartz rod 

27: Shock absorber 
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[Drawing 1] 




[Drawing 2] 
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[0 0 2 9] 



^ (7^-» OWlRlltSiltfeSKnSo & 

&\ KTM^TSPM GOO) fctt. BIH& (»«9 6 

^«fcsffla*K«u apm Gma) z>^e~z 

7* (»«2 8fi«%) fcSBMfc*** (Ig3 0li 

[0030] 0mm i (ij-v^i/owssd 
20 8^yfcz s i GWTaSkv^) ^ h 

JteK : iH«*= 1 : 1 : 8) . 7 0°C, SStRflW© L 

yfi^5. 0 E 1 3 atoms/ c m 2 C&n53lftff : 1 5 k e 
V) OfeO*-9"V^7l/Ai:U AsOK-yi^8. 0 
E 1 3atoms/cm 2 (ipJSWffi : 3 0 k e V) <D%><D?£ 

[0 0 3 1] 



Sample 


A 


B 


C 












$} 7000 A 


#j7000A 


jfa 7000 A 




IS ^WS£3t 
25 8? 


25 g> 


IK £M»fc 
25 9 




120 1:. 


120 


120^ # 




BF 2 


As 






5.0E13 atoms/cm 2 


&0E13 atoms/cm 2 






15keV 


30keV 





[0032] mmm 1 (-tv^osas) 



(6) 



2002-118085 



10 



referenceffiai *±lt«WTa&*o 



fc 0 #*y^;l/OS>— ^>^fflaofi*-&to-&*TI2* [0 0 3 3] 

^2 : 1^ V^l/O^-^ryxjeMoM^^^ 









2 




^•'/^(BOppm) 




7kf&fc(1.5ppm) 


>X#l£g2 


SPM 


>7jc(60ppm) 


***<l-5ppm> 




SPM 




ittfc (BOppm) + 
TK^TK (L5ppm) 


Reference ££111 


SPM 




APM 



[0 0 3 4] is—trisxttmi : 



So *y>7kOtttHP4:tiS!lO«:aiP^653lli— 
<D±fr £ £ £ 151* !/y**±E k ra-tta«T«:tH l 

[0 0 3 5] 



SffiS 1 cm 2 S/cD 1 0ml /m i n 

S3: ^-V>7K(60ppin)irJ:SU> i x MWSKbfrt*©** 



Sample 


A 


B 


c 












60ppm 


60pptn 


60ppm 




12# 


15# 


10 # 




50 


50 X 


50 X: 


©sage 


1500rpm 


1500rpm 


1500rpm 




7000 A 


7000 A 


7000 A 




gram 







^4 : ^^>^(60ppm)iCJ:^^^^©ll^^#i^©^m 



c m 2 Sfc t) 1 0 m 1 /m i n Tttffl Lfco 
[0 0 3 7] 



Sample 


A 


B 


C 




*V>7)C 








60ppm 


60ppm 


60ppm 


mmm 


30 # 


30 1> 


30 # 




25^ 


25 °C 


25 *C 


HISS 


1500rpm 


1500rpm 


1500rpm 




2560 fl 
> 0.2 //m 


3200^ 
> 0.2 jzm 


1220 m 

> 0.2 //ID 




320HS 
> 0.2 /zm 


360041 
>0.2 fim 


180211 
> 0.2 /in 



(7) 



12 002-1 18085 



11 

[0 0 3 8] Xv^ykiczzMitftmmm&cDykmykfc 
OiH«»OJB«»«: 1 • 5MHzT« 0 JEShuSWB 



12 



P fitted- 5 5 0mVT^D, S^i:S^±OSffim{ii 

»fcS3lt«8WT3 0 0 0 r pm^kf>K7-r*fTo 
[0 0 3 9] 



S5 : *^JCJ:^^B^»S®©»^H*^^©M* 



Sample 


A 


B 


C 












l.Sppm 


l.Sppm 


1.5ppm 




30 *► 


30^ 


30 g> 




25 °C 


25 <C 


25 °C 


■HBK 


1500rpm 


1500rpm 


1500rpra 




320110 >0.2#m 


360041 >0.2#m 


18021® >0.2#m 




74i >0.2/zm 


1041 >0.2#m 


9{! >0.2/im 



[0040] y^Tstimz 



^6 : SPMICic^U^X MKHa^fe#^^©te* 



Sample 


A 


B 


c 




SPM 


SPM 


SPM 




4 : 1 


4 : 1 


4 : 1 




7# 


7fr 






loot: 


100 


loot: 




7000 A 


7000 A 


7000 A 











[004 1] 1^>'X h U--9 , -3ttK<I>SB 
[0042] u->'x hgygimg>^-y>7ktc«ts^t:^W 



<o s * ^>7kT&% t Kft:#»?s n s ere, * x y >* 

/X;^61fiH«l cm z Sf:t)10ml/m 
i nT-RttilLrco 
[0 0 4 3] 



50 



(8) 

13 14 

g7 : *VyMmwm)te*ZGim&m®<DMb5M0Mf¥t*<Dj&M 



2002-118085 



Sample 


A 


B 


C 








>7jC 




fiOnnm 


fiftnrvm 


BOnnm 




30 # 


30 


30 # 




25 *€ 


25 


25 x: 


mtm 


1500rpm 


1500rpm 


1500rpm 


mrnamm 


2255 « >0.2#m 


48560 >0.2/im 


12801® >0.2^m 




3160 ft >0.2^m 


5221 ft > 0.2 


212011 > 0.2^^1 



[0044] * v^Aoc x % Mikftmmmmyymfcic 
©s#soJi?ssa 1 . 5 mh z -e&5 0 ^nfnot 
^amtufcfe^sK^t.fe^i^^i-T^is^* 20 



[0 0 4 5] 



318 : 2KX*CJ:««WfejKAtta>R£«#2:«(Dil£X 



Sample 


A 


• B 


C 






*** 






1.5ppm 


l.Sppm 


1.5ppm 


Justin 


30 50? 


30fcfr 


20 # 




25 °C 


25 x: 


25^ 




lOOOrpm 


lOOOrpm 


lOOOrpm 




31601® 

> 0.2 fin 


522110 

> 0.2 flTSt 


21201® 
> 0.2 fin 




8m 

> 0.2 jin 


101s 

> 0.2 tim 


em 

> 0.2 



[0 0 4 6] z/— *r>7,&m3 



[0 0 4 7] 



Sample 


A 


B 


C 




SPM 


SPM 


SPM 




4 : 1 


4: 1 


4 : 1 




io» 


13* 


13* 




100 *C 


125 *C 


125 °C 




7000 A 


7000 A 


7000 A 











[0 0 4 8] U5>* H»J«&<D*RiCOV>TU— tf-Tt ©#J»3^^#K:^*»-3fco Cftti S P M ©^ffctigBf 

■l01I«tlfc±*WK*ffofe. S*g«ffiKl4**ftJl *S*kJB*>ti*. co«IWD«Ofl, jaaa«*iaffi 



15 

[0049] y2Z hmm&<D*V>7k&ffiimi,rz7}tm 

7k (jj^Tk) ^J:&gfe}»jag : ±B S P MflS& zk* 
7jc ( 1 . 5 p pm) JC^WzKSiBlraLfea^TkSffll/^ 
TSjRfcfflSLfco C^^^^DT^^ N />7j<0^^ 

6o P pmm do*o*y>»«ttBfc5S-r^*a 

iaatcti. SSffiS l cm^f:D3ml /m i n <DM 

stsojBiKStt 1-. 5'MH z tsso ^n^noi7->:/ 



Sample 


A 


B 


C 












1.5ppm 


1.5ppm 


1.5ppm 




60ppm 


60ppm 


60ppm 












30 # 


30# 


20£J> 




25*0 


25 <€ 


25 'C 




ISOOrpm 


lSOOrpni 


1500rpm 




1021® 
>0.2^nt 


89 ffi 
>0.2 fim 


25H@ 
> 0.2 #n 




15l@ 
>0.2/zm , ( 


21 m 

>0.2fim 


2911 
>0.2 



(9) #112 0 0 2- 1 1 8 0 8 5 

16 

OORPlt±fi-5 5 0mVT'$D, fi?tafi±0« 

10 ?km. n Kn^^H£D7^Mmt5o co^fiS 
Xf7^cIiM*t3 0 0 0 r pm0^evK7 

[0 0 5 0] 



[0 0 5 1] {UhO«*j|p6LT, 



[0 0 5 2] fctttflJl 0J7Tls>X9UMl) 
S PMlC«fc5U^*h»I»flig : s PM^£<££l/v ? x^ 
iHJ^3o&#£:Tf^s i n-TjrTo ^/c. aawa© 

[0 0 5 3] 



50 



(10) 



2002-118085 



17 



18 



SI! :SPMK<J:*l^X Y3M»&»t*<Dtkm 



Sample 


A 


B 


C 




SPM 


SPM 


SPM 




4 : 1 


4 : 1 


4 : 1 




10 # 


13 * 






100%; 


125 %; 


125%: 




12200 A 


12400 A 


12500 A 




£T«ft 







[0054] mwm icxzuv^—zift^rc'tcz, * 

[0 0 5 5] S PMK£Z>V>z/XhmmWmm<DAPM 20 
a 12 i APMIC J: 



fro fc a CO«pOiH«iKOH«W*l. 5MHzt'6 
[0 0 5 6] 



Sample 


A 


B 


C 




APM 


APM 


APM 




1:1:8 


1:1:8 


1:1:8 






5# 


5# 




65%: 


65%: 


65%: 




45 IE 
>0.2/zm 


51 m 

>0.2 #m 


55 
>0.2 fin 




sm 

>0.2#m 


10 {0 
>0.2#m 


9m 

>0.2 /urn 



[0 0 5 7] flMBHMMtf, ±!3J±«flf!oae3fe*afflf:a 
[0.0 5 8] 

fc*V>7j<, **** fcttffl^TkSffl^fcb^X hPM 



[0 0 5 9] cn^-pttBftK, TV^-T. jg^fbTk 
[0 0 6 0] tjfe, fiejtE^Tk^Tk^rgltfkLTffiVSfil 




19 

[0 0 6 1] *^BJJC*nif> c^<fc?£i^>"xhifjftl 

[IHffi<DfB-£&Itf0Jl] 

en i ] ^mcommmvmmm* 

[i2] yx*;i/©«it^r^-rsiao 

1 :^Hf 

2 :*««if* 




(11) #§82 0 0 2-1 1 8 0 8 5 

20 

3 : /X/l/ 

4 :#« 

5 : ^^y;%- 

6 : ^r— £ — 

7 -.mm 

8 : KL"f> 

9 -.mm 

2 1, 2 2: -fe;l/ 
2 3 ' : i±m K> 
10 2 4: jfW 
2 5 : ttffiP 
2 6 : E^D7 K 
2 7:5^3 vZTfV—*— 



[01] [0 2] 
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